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ABSTRACT 

Background: Hepatitis B virus (HBV) infection is much more common in hemodialysis patients than the general population. These 
patients have an impaired immune response to HBV vaccination; to that end there are certain studies that have evaluated levamisole as an 
immunomodulator agent improving HBV vaccination response rate in hemodialysis patients. 

Objectives: In the current review, we have assembled all of the results to determine whether lavamisole is of value as an adjuvant to HBV 
vaccination in hemodialysis patients. 

Materials and Methods: Science Direct (Elsevier), ProQuest, Springer, MD Consult, BMJ Journals, Pubmed and Wiley were searched for 
levamisole application to HBV vaccination in hemodialysis patients. All studies revealed a seroconversion response level between levamisole 
plus HBV vaccine versus HBV vaccine alone. 

Results: From 10 relevant studies, 5 studies fulfilled our inclusion criteria. Three of them suggested the significant benefit of adding levamisole 
to the HBV vaccine to increase augment seroprotection level in hemodialysis patients. Another study reported a decrease in seroprotection 
level and another study showed no significant difference caused by levamisole administration. 

Conclusions: Due to the limited number of studies evaluated, it is challenging to perform a definite decision about routinely administering 
levamisole in addition to the HBV vaccine for all hemodialysis patients. However, it does seem reasonable to recommend administration of 
levamisole for impaired immune response patients. 
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1. Background 

Hepatitis B virus (HBV) infection is a major global 
health issue which affects more than 2 billion people 
worldwide (1). Approximately 2 million people die from 
this infection every year (2, 3). Hemodialysis patients are 



at high risk for HBV infection due to the dialysis process 
and prolonged blood exposure in extracorporeal circuit 
(4). Although there are extensive control precautions 
and prevention measures in dialysis centers, all dialysis 
patients, staff members and end-stage or pre end-stage 
renal disease patients should be vaccinated against 
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HBV which is still the most effective way to prevent the 
disease (5-10). Hemodialysis patients have an impaired 
cellular and humeral immune responses to HBV vacci- 
nation which is due to uremia-associated immunodefi- 
ciency such as lymphopenia with diminished T4 and T8 
lymphocytes ,T-cell CD4 dysfunction, less IL-2 and IgG 
production from peripheral blood lymphocytes (11-15). 
Moreover after completion of the vaccination program, 
the antibody titer of responder hemodialysis patients is 
low and falls rapidly (16-19). Therefore, various strategies 
for improvement of the immune response have been 
formulated to increase the HBV vaccination response in 
hemodialysis patients such as changes in vaccination 
method, co-administration of zinc, y-interferon, granu- 
locyte-macrophage colony-stimulating factor (GM-CSF), 
and levamisole. These measures are all used to enhance 
seroconversion after HBV vaccination (10). However, the 
majority of these strategies are still experimental and not 
recommended as routine procedure. 

Levamisole (LMS), a synthetic and soluble phenylimid- 
azothiazole, has been widely used as a pesticide for do- 
mestic animals for more than 50 years (20). Nonetheless, 
it has been used in many treatment protocols for differ- 
ent purposes since 1972 (as it was discovered having im- 
munomodulatory role as well as anticancer effect) (21- 
29). Levamisole increases natural killer cells, enhances B 
lymphocyte function, stimulates depressed T-cell activity 
and improves chemotaxis of granulocytes (30-32). Many 
studies have evaluated the effect of adding lavamisole as 
an adjuvant to HBV vaccination in hemodyalisis patients, 
but have had many conflicting outcomes. 

2. Objectives 

In our study we reviewed all these different results and 
with a view to sanctioning or not sanctioning lavami- 
sole administration as an adjuvant to HBV vaccination 
in hemodialysis patients. The main point of interest is to 
evaluate the seroconversion response level to HBV vac- 
cination in the study (HBV vaccination plus levamisole) 
and in control groups (HBV vaccination alone). Patients 
with serum antibody level more than 10 mlU/mL were 
considered as responders and the decision was made as 
to whether levamisole should be added as an adjuvant to 
HBVvaccination program in hemodialysis patients. 

3. Materials and Methods 

3.1. Search Strategy and Data Extraction 

In this paper we searched all available reliable electron- 
ic and published sources using Science Direct (Elsevier), 
ProQuest, Springer, MD Consult, BMJ Journals, Pubmed 
and Wiley. The key words 'levamisole', 'Hepatitis B Vacci- 
nation', 'Hemodialysis' and 'Vaccine adjuvant' were used. 



We included both invivo and invitro studies that were 
published in English and non-English from Jan. 1980 to 
Nov. 2011. A single investigator (M.K) extracted all relevant 
data and inserted them into an electronic database that 
was checked twice. All of the studies reviewed and used in 
this paper have been agreed upon by all authors. 

3.2. Inclusion /Exclusion Criteria 

Inclusion criteria were the following: 

- Studies that compared the response level between le- 
vamisole plus HBVvaccination vs. HBVvaccination alone 

- Patients on maintenance hemodialysis 

- Studies based on plasma-derived or recombinant DNA 
hepatitis B vaccination 

- Studies that described dose schedules and route of vac- 
cination 

- Seroprotection response level reported at least 1 month 
after the last vaccination dosage 

- Studies that enrolled adult patients 

- Controlled clinical trials/studies that provided both 
case and control groups 

Exclusion criteria were as the following: 

- Patients with positive HBs Ag serology 

- Patients with hepatitis B surface antibody (HBs Ab) ti- 
ter higher than 10 mlU/M [responder patients] 

- Patients with a positive history of malignancy 

- Receiving immunosuppressive drugs 

- Patients with a positive human immunodeficiency 
virus antibody test (HIV Ab) or positive hepatitis C virus 
antibody (HCVAb) 

- Studies that enrolled child patients 

- Studies that only published as abstracts or review ar- 
ticles 

Naive patients (who entered into primary vaccination 
program) and unresponsive patients (who do not re- 
spond to the vaccination program) were also eligible for 
our study. 

4. Results 

Among 604 citations, we identified 10 relevant studies 
in the literature review. One of the studies was excluded 
because it included child individuals (33). Another ex- 
cluded case was positive HBs Ag serology (34). Two review 
articles were also excluded (35, 36). In addition, a study 
was excluded since the authors did not define the re- 
sponse rate of levamisole group (37). As shown in Table 1 
and Table 2, we obtained 5 studies that fulfilled our inclu- 
sion criteria and reported seroconversion response rates 
between levamisole plus HBV vaccination versus HBV 
alone (14, 38-41). Three studies indicated the effective- 
ness of levamisole (38-40), one study showed its negative 
effects (14) and another study suggested the ineffective- 
ness of levamisole (41). Two of them were affiliated from 
Turkey and three were from Iran. 
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Table 1. Summary of Literature Data: Baseline Characteristics 


Study 


Publication , y 


Methodology Mean Age , y 


Male Gender, % Duration of 
Hemodialysis 
, mon 


Form of Levam- 
isole Adminis- 
tration 


Ayli, et al. 


2000 


RCT 


41.4/37.4 


57/60 


11.8 


Following each 
hemodialysis 
Session for 11 
months 


Katayas, et al. 


2002 


RCT 


45/42/51/53 


54/68/52/60 


46/31/41/51 


Following each 
hemodialysis 
session for 4 
months 


Argani, et al. 


2006 


CCT 


47/45/48/41 


64/54/54/54 


NR 


6 days before 
and 6 days after 
each vaccina- 
tion 


Sali, et al. 


2008 


Double-blinded 42.9/46.6 
RCT 


52.6/65.6 


13.2/17 


After each 
hemodialysis 
session for 12 
months 


Sanadgol, et al. 


2011 


Double-blinded 50.33/43.22 
RCT 


61.6/55.5 


54.6/46.3 


6 days before 
and 6 days after 
each vaccina- 
tion 


Abbreviations: CCT, controlled clinical trials; NR, not reported; RCT, randomized controlled trial 


Table 2. Summary of Literature Data: Vaccine and Levamisole Characteristics 


Study 


Vaccine Adminis- 
tration 


Levami- 
sole Dos- 
age, mg 


Seroprotection, % 




Side Effects 


Levamisole Effect 
on Immune 
Response to HBV 
Vaccine 


Ayli, etal. 


20 uglM (0,1,6,9 mo) 
40 uglM (0,1,6,9 mo) 


120 


13(3mo)/40(l0mo) 
20(3mo)/46(l0mo) 
26(3mo)/66(lOmo) 
26(3mo)/80(l0mo) 




Mild leucopenia 
skin rash 


Increased 


Katayas, et al. 


40 uglM (0,1,6 mo) 


80 


57(3mo) 
82(3mo) 
77(3mo) 
15(3mo) 




Reversible mild leu- 
copenia dermatitis 


Increased 


Argani, etal. 


40nglM(0,l,6mo) 
20 ng ID (0,1,6 mo) 
20nglM(0,l,6mo) 


100 


60(lmo)/20(6mo) 
70(lmo)/60(6mo) 
90(lmo)/80(6mo) 
90(lmo)/80(6mo) 




Mild generalized 
pruritus mild 
abdominal pain 


Increased 


Sali, etal. 


40 uglM (0,1,6 mo) 


100 


81.6(lmo) 813(lmo) 




No side effects 


No alteration 


Sanadgol, 

etal. 


40 uglM (0,1,6 mo) 


100 


44(0mo)/77(2mo)/77(4mo) 
55(Omo)/72(2mo)/77(4mo) 


Severe gastrointesti- 
nal complication in 
one patient 


Decreased 



The first study took place in Turkey by Deniz Ayli, et al. 
Sixty hemodialysis patients were randomized into four 
groups compared to 15 healthy controls. The patients re- 
ceived IM recombinant HBV vaccine at 0, 1st, 6th and 9th 
month. The first group received a single dose of vaccine 
(20ug). Second group had double dose (40 ug) whereas 
group 3 received a single dose plus 12 0 mg levamisole and 



group 4 received a double dose plus 120 mg levamisole. 
As a result, they discovered that there was no significant 
difference between a double dose and a single dose vacci- 
nation considering the antibody response and there was 
mention of a long term application of levamisole having 
salient effects when added to the HBV vaccination with- 
out any serious side effects (39). 
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The second study included four groups of hemodialysis 
patients who received 40 |ig of recombinant HBV vaccine 
at 0, 1st and 6th month. Group 1 received routine 3 doses 
of HBV vaccination. Group 2 received 3 doses of HBV vac- 
cination plus 80mg levamisole whereas group 3 and 4 
included unresponsive patients who did not respond to 
a routine vaccination program. Group 3 received 80mg 
levamisole plus HBV vaccine and group 4 only adminis- 
tered the HBV vaccine. Antibody response level in these 
four groups was 57%, 82%, 77% and 15%, respectively. There- 
fore, they had higher response level after using levami- 
sole plus HBV vaccine (57% vs. 82%) and based on that sig- 
nificant difference, levamisol was recommended (77% vs. 
15%) (40). 

Argani et al. in 2006 evaluated the effect of levamisole 
and intra-dermal /intra-muscular HBV vaccination in 
hemodialysis patients. Forty four patients were divided 
into 4 equal groups. Group A received 40 |ig IM vaccines. 
Group B received 20 |ig ID vaccines. Group C received 20 
lig IM vaccination plus 100 mg of levamisole and the last 
group received 20 \ig ID vaccine plus the same dosage 
of levamisole. 90% of seroconversion response level was 
achieved in levamisole groups one month after the last 
dose of the HBV vaccine and lasted up to 80% for the next 
six months. Thus, these writers were strongly supportive 
of a levamisole application to HBV vaccination and pro- 
posed the ID vaccination be used routinely (38). 

In another study 70 hemodialysis patients were ran- 
domized into two groups. The first group received 40 
|ig of HBV vaccines at 0,1st and 6th month plus 100 mg 
levamisole and the second group received the same vac- 
cination protocol plus a placebo (instead of levamisole). 
One month after the last dose of vaccination, the serocon- 
version response level of Levamisole and placebo groups 
were 81.6%, 81.3%, respectively and there was no signifi- 
cant difference between these two groups (41). 

Despite other studies, an interesting article in 2011 de- 
clared a lower seroconversion response level of HBV vac- 
cination when it was accompanied by levamisole sup- 
plementation. Of 36 hemodialysis patients, 18 patients 
received 40 |ig HBV vaccination intra-muscularly on the 
0,1st and 6th month plus 100 mg of levamisole and the 
rest received the same amount and method of vaccina- 
tion plus placebo. The seroconversion response rate was 
evaluated on the 0, 2nd and 4th month. Following the 
last dose of vaccine, the antibody response level was sig- 
nificantly lower immediately after HBV vaccination. How- 
ever, it did not last until the 2nd and 4th months after the 
last dose vaccine as shown in Table 2 (14). 

5. Discussion 

There have been various strategies to improve im- 
mune response level to HBV vaccination in hemodialysis 
patients which has included the use of immune-mod- 
ulators such as zinc (42), -/-interferon (43), granulocyte- 
macrophage colony-stimulating factor (GM-CSF) (44), 



interleukin 2 (IL2) (45), thymopentin (46), cimetidine 
(47), erythropoietin (44), additional immune modulators 
(AM3, HB-AS04) (48) and levamisole. In the current study, 
we performed a systemic review of the literature based 
on the effect of levamisole on HBV vaccination in hemodi- 
yalysis patients. We found 2 meta-analyses related to our 
topic and both of them agreed that levamisole admin- 
istration could increase seroprotection response rate 
to HBV vaccination in hemodialysis patients. It is note- 
worthy that we excluded these two studies because they 
were review articles (35, 36). Another excluded study that 
enrolled child patients indicated levamisole administra- 
tion plus HBV vaccine therapy is not superior to vaccine 
alone (3). Based on our review of the literature, 3 studies 
suggested a significant benefit of adding levamisole to 
HBV vaccine to increase seroprotection levels in hemo- 
dialysis patients. Another study reported a decrease of 
seroprotection level and another study showed no sig- 
nificant difference following levamisole administration. 
The reason for these conflicting results maybe due to the 
dosage of levamisole administration, the timing of ad- 
ministration, the dosage of the vaccine, the type of the 
vaccine and levamisole, the small study sample size and 
the host genetic background of patients (49, 50). It is in- 
comprehensible to make a definite decision for routine 
administration of levamisole to HBV vaccine in hemodi- 
alysis patients given our low level of evidence neverthe- 
less we do advocate that it is acceptable to recommend 
it for unresponsive patients. The availability, good toler- 
ance and cost-effectiveness of levamisole supported this 
approach. Further, more comprehensive studies with 
larger sample sizes and the application of other types of 
levamisole could provide better justification for adding 
levamisole as an adjuvant to HBV vaccine in hemodialy- 
sis patients. However, all together, we must evaluate the 
combination of intramuscular and intradermal hepatitis 
B vaccination, implement second-generation recombi- 
nant HBV vaccination and explore the usage of other im- 
mune-modulators and adjuvants to HBV vaccine. These 
efforts are all needed to investigate the best approach in 
enhancing the response rate towards HBV vaccine in he- 
modialysis patients. 
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